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Abstract of JP200306031 1 
PROBLEM TO BE SOLVED: To obtain a high- 
performance embedded semiconductor optical 
element. SOLUTION: In this semiconductor 
optical element, a laminate composed at least of 
a first conductive clad layer 2, an active layer 3 or 
an active region composed of a light-guide layer, 
and a second conductive clad layer 4 is worked 
into a mesa stripe-like shape on a semiconductor 
substrate 1, having a first plane orientation (100) 
and both sides of the laminate are filled with 
ruthenium- doped semi-insulating semiconductor 
crystal layers 8. The concentration of electrically 
activated ruthenium, contained in ruthenium- 
doped semi-insulating semiconductor crystals 
which appear while the crystal layers 8, are 
grown and are grown on a crystal face having a 
second plane orientation (111), which is different 
from the first plane orientation (100) is made 
equal to or higher than that of electrically 
activated ruthenium required for sufficiently 
increasing the resistances of ruthenium-doped 
semi-insulating semiconductor crystals grown on 
a crystal face having the first plane orientation 
(100). 
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.I<Df&. 112 (d) ^-TidtC. Si0 2 ?X? 
£B**U PSISI 0. IWlnltil 

{±**)1 0 8 «cmJSLh-C*o/S. 
[O034]f7rft L,ft« LfcflfcJBOHfcVMa* 
SSWWBi, 3 d B»C\ (10 0)1 nPffi£JbJ& 
*c0Ru K-ty/^ftiS 1 . 5 X 1 0 1 8 c m-3 
WGHz, 2 X 1 0 1 8 c irr 3 <DHs&\$M) 1 6 G H 
z, 3 X 1 0 18 cm- 3 ^a»l 6GHzt&oit. 
lot , 2 X 1 0 1 8 c m- 3 J^±T-+^^ii^tt^'#^ 
iilit (10 0) ffiifcfcft&RuF-try?* 
M*>'2X 1 0 18 cm- 3 m±T\ (111) 7T-fe 7 h 
W_hfc:j«*$<x6 RuK-TInP tfifcfe ttSflSWtSS 
ttfkSiufcRuiME* 1 , (10 0) »fiffii:fclfc&§*i. 
& Ru K-r I nP fc»fci&3?2r*$l 

[ O 0 3 5 ] CH»J4 ] *fHBO»4 (O^M^JOffijt 
*a3fc^T. 13 (a) i 0 IZftjjtiL 



(100)«nII nP»£2 1 ±fc^»£||*IBj££ 
m (MOVPE) mi>Z^<ommO. 2,um<DSe£K- 
V b-t & nMlnP -7 =5 v K12 2, MM0 . 15 
vmiOftftM&l. 5 5^m<oy>F-TInGaAsP 
/InGaAsPMMQW ( ^fiM J f L #F ) ^14^2 3. 
JIJP0. 3jum<0Zn*H— ^hfc^4pMlnP^9 
«yh'J!2 4£JII£j&gL*:. 

[0036]^:, S3 (b) iZffrf&olZ^ Si0 2 £ 
V^^2 5ttTRIE (KJCtt-^ tVX-yfy/) 
i«3. fi2jumt?W$l. 5xtmm^OP<-^Xh5^r 

*m$LLtz« mm». H3(c) t^-riofc. ^-9- 

Xh7^rM±{:. MOVPEftfciDv RufcF— 

ey/L^-fyxWjy ( inP) «2 6 (if* 

3xtm) *MOVPEj£J|§-ttfc. Ru^KfffcLTf 
XWf;Ky?fV x-;W^^^Abis(77 5-2,4-d 
imethylpentadienyl)ruthenium (II) ^fflV^fc, 
[0037] Sy>2 s ^S^4'^Ru<7) tj/^^ff 
li, (lll)7r*7 bH±m*§ix-SRuF-r 
InPte^{««RWt«tt'rt:3*utRuJftK^' ( 1 0 
0 ) ttAD5±fc:j&ftSii* Ru F-T I nPaH-iteffiifc 

& 4 SMwtvgtt'fb § tut Ruins fc u ^-en 

VXtb «fc o \z-fh . HgSfcL (10 0) SftLht^ 
»«f*t^tfc*^Ru«H-e^^^MW»l . 
5xl0 18 cnr 3 , 2xl0 18 cm- 3 , 3xl0 18 cm 

- 3 b 3 s^oaasisajwi^^fl 1 * fflv^T . 

[0038] 55fc. 03(c) lzm-£ o t:. JlffO . 
3 ju m<7)ZnSr K h t f I. nl I nPMbb&frm 2 
7^fiLt. ^LT, 03 (d) M^-f idtc. 7^ 
^T'*-g.Si0 2 2 5^^SL. «at2/zm<0Zn*H- 
^>bfc^4pa[InP^5v JifltO. 2ju 

m<OZnSrK-/N°ybi:-ri.pM^ y^A^U^ASH; 
3g«i ( I nGaAsP ) (f^y 77'»S 1.3// 
m)3y^^M29.1ff0. 3;um?)Zn£h'-;\° 
yhttl.pl-^yy^'JWtl ( InGaAs) 

[0039] m^imcoit-^m^mmmizm^^ 
m*). inpmLizm*t&t&iBjiL'c#>h. z&m, 

03 (d) ^-Tidfc. PI1S3 2, SilMCnl 

• mm 3 3 1 jafiLfc. ^m^mtit^mmm<7)m.!sb 

ji^JUiRu^h'-ey^fr^M^r-S. 3^c7)S^fc 
fc^KS?fS»4»l 0 8 QcmJJLh-C*o/i. fyrftL 

3 d B#«T, (10 0) I n P^SUU&HtfDRu K— 1° 

5X10 18 cm-^t&li»6GHz, 
2Xl0 18 cm-3«^li|«)12GHz, 3Xl0 18 c 

[0040] ^Wfflti. Ru K-b-y^W 1 • 5 
xl0 18 cm- 3 «f^lil!ll5mA, 2Xl0 18 cnr 3 
CDWr£lZ%}9mA, 3 X 1 0 18 c m- 8 ^(ife9mA 



(7) S52003-603 1 1 (P2003-6(A) 



x\ ft&jj%)m±. Rujaam^fefr** i . 5 x 1 0 18 cm 

- z <ry^>^\mn%. 2xl0 18 cm-3(7)^)J|ij37 
% s 3X 1 0 18 cm-3c7)%^{4^3 7%-C-3!>->^. &o 
Ts 2 x 1 018 c m- 3 i2LL-e+#2r^P#*t ^m^J^F 

mmt>tuz. i*ui, (100) H±fc*sft4RuK 

— h°:x;?l§jg#'2 X 1 0 18 c m- 3 £lh-C\ (111)7 
r-fe «y hffi±fcj£JI£*il> Ru V-r I nP+fctHt** 
«Wt=SttftS*lfcRu»«*«. (10 0) »ftffl±te 
Ru F-r I nP#-H«9Si£fc 3 5rSfc«>fc: j & 

[0041] iiltcomSmiX'lt. WMLfrMk LX I n 
Pfelii£fflVvO*£#. InGaAlAs, InAlAs, In 
GaAsP t l^-5Jfc I nP £&=m^ &fflm&&trC 
*;te£S*F#FJifcInGaAsP. InGa 
AlAs, InAlAs^MQWMSrKOffioTV^^ In 
P — I nGaAsP-GaAs^ s InAlAs, InGaAlA 

mx'ht^tit^dixi>^\ ttz, pm^mmtL 

XZn, nSt^BfttLTSe^UtOiHTV^sfi*. Ztl 

m:%}mmmx*i*$>. 

1 0 0 4 2 ] * tr. itiwtii ^«cp-if. 3K£ 

mgs*mt Lfc»?*«s«BS«?i s - 1 i±s 
o2LX*i>%\\ z&xoizmmLtzXo^ *mnm 

ffi* 1 1 #i*rc*^»£tf> v-\?:>ymj£znm-h&xz 

[0043] 

mm^m mmmizm^xmMtMWVte 

r** Ru^ v-v>y Li&nmmm4msM*iizti 
»%%%mz&mt%tvrzRu<Dmmi)K mmicoms 

fi£ fco»ilSLhfcj&R$ftT3:*Ru£ K-try^L 



[Hi] *^<om 1 (vmmmizffi&imftytmTnm 
$mx°fo&, 

[02 ] 02 ( a ) - ( d ) \&w&rtmi <r>mmiz 
^h^mw^m^mm-nm^-tiLmmx'hh. 
[H3 ] H3 ( a > ~ ( d ) iz*mi<om4<r>mmmiz 
im^mi^ym^comm^m^-txnmx-h s . 

[04] FeH-tr^<0W*rffl[«»tt*^-^97T 

[05] as^s^fetts^Bco^^-^Bj^-c 

1 nilnPSt 

2 nIInP?77FI 

3 MQW1 

4 pKlnP?5-yK® 

5 pIInGaAsPay^^M 

6 pi I nGaAsr?>-^^ hJf 

7 Si0 2 "7X^ 

8 Ru F-rfflabSaSJl 

9 Si0 2 VX^ 

1 0 pStS 

10a xyxh^jy 

1 1 nlti 

2 1 nllnPSt 

2 2 nIInP^77Fl 

2 3 MQWJ1 

2 4 pIInP^77FB 

25 S\0 2 ~?X? 

2 6 Ruh'-rStoS^Jf 

2 7 nainPSftj&Wl 

28 pMInP^7-/F® 

29 pi InGaAsPriy^? FJf 

3 0 pIInGaAsny^^ FJf 
3 1 Si0 2 -7X^ 

3 2 pIIS 
3 3 nlti 



(8)12003-603 1 1 (P20 03-6»ll 




[H4] [H5] 



Fe F-£>7mmi5VL&W& [100] [on] [Oil] 




(100) C31DB (qi)B <01£ 

0 30 60 90 

<ioo)B*u[oii];fr *(') 
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[03] 




mmmm 'mm. mm 02>mm ?&m am 

5F073 AA22 AA74 CA12 CA15 CBll 
CB19 DA05 DA25 DA35 EA23 



